Inflammatory bowel disease (IBD) is a highly prevalent intestinal disorder for which no cure exists. Currently, the standard first-line treatment of IBD consists of systemic glucocorticoid (GC) application, even though therapy can be complicated by unresponsiveness or adverse effects. In view of the importance of macrophages and neutrophils for the pathogenesis of IBD we set out to define the relevance of these cell types as targets of GC using the mouse model of DSS-induced colitis. We found that the disease did not resolve in GR lysM mice lacking the GC receptor (GR) in myeloid cells after removal of the chemical insult. While clinical symptoms and tissue damage in the colon ameliorated again in GR flox mice, the disease further aggravated in GR lysM littermates. The observed difference coincided with an increased abundance of macrophages in inflammatory infiltrates in the colon of mutant mice whereas neutrophil and T cell numbers were similar. Concomitantly, systemic IL-6 secretion and mRNA levels of pro-inflammatory cytokines in the colon were elevated in GR lysM mice and gene expression of scavenger receptors and IL-10 was diminished. Taken together, our results reveal an important role of myeloid cells as targets of GC in DSS-induced colitis and probably in IBD in humans as well.
Introduction
The gastrointestinal (GI) tract is constantly exposed to a variety of commensal as well as potentially harmful microbiota and therefore requires a well-balanced control of the local immune system [1] . When intestinal homeostasis is disturbed, pathogenic immune responses arise that are commonly known as IBD [2] . This syndrome comprises two types of intestinal disorders designated ulcerative colitis (UC) and Crohn´s disease (CD), both of which represent major health problems in Western societies with an overall prevalence of about 200 cases per 100.000 persons. Whereas inflammation in UC is restricted to the mucosal layer of the colon, CD can affect the entire intestine. The onset of IBD mostly occurs in early adulthood and is a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
accompanied by symptoms such as abdominal pain, weight loss, diarrhea and rectal bleeding [3] . Risk factors for the development of IBD include genetic and environmental aspects [4] . On the one hand, twin studies and the high incidence of IBD among close relatives point towards a genetic contribution to disease susceptibility, and indeed a number of genes associated with IBD have been identified in recent years. On the other hand, the higher risk of IBD in persons who adopt a westernized lifestyle with a high fat and sugar diet, smoking, stress and the regular use of antibiotics clearly supports a contribution of environmental aspects to this disease.
Besides surgical treatment such as colectomy, which in itself carries a high level of affliction for the patients, there are a number of newly developed therapeutics available for the treatment of IBD, in particular monoclonal antibodies targeting TNF-α and integrin α4 [5] . While several clinical trials have provided promising results, application of these biologicals was also accompanied by adverse effects, including infusion reactions, infection-related mortality, malignancy and autoimmunity. Despite the progress made with these new agents, GC application remains the gold standard for the treatment of IBD [6] . Prednisolone is the preferred GC in the clinic and generally administered at a dose of 40 mg/day per os. About 40% of the patients respond well to GC therapy and show a rapid amelioration of clinical symptoms, allowing for tapering of the dose and eventually discontinuation of the treatment. In contrast, there are patients referred to as being steroid-dependent who require prolonged treatment since they relapse after tapering. Finally, a further 15-20% of the patients are GC-resistant. Since GC can cause extensive adverse effects such as osteonecrosis, infection, hyperglycemia, and gastric ulcer, the duration of GC treatment is usually kept as short as possible and at best limited to the management of acute inflammation [6] . However, long-term application may become necessary in patients with refractory disease, and under such circumstances, GC therapy often has to be stopped due to adverse effects and second line therapy imitated. As an alternative, new strategies to prevent side effects of GC are currently being developed including the targeted delivery by nanocarrier systems [7] . For example, the application of a GC-copolymer conjugate has been found to ameliorate disease symptoms in a mouse model of IBD while preventing the development of osteoporosis [8, 9] . Considering the central role of GC in IBD therapy and the complications associated with their use, further efforts aimed at optimizing this therapy are warranted.
The pathomechanism of IBD involves a complex interplay between structural cells of the GI tract and various types of resident and infiltrating immune cells [1] . Whereas the intestinal epithelium provides a physical barrier against invading microorganisms, innate immune cells such as dendritic cells and macrophages located in the connective tissue beneath the epithelium form a first line of defense against potentially harmful bacteria. Among these cells, macrophages have been found to play a crucial role in the maintenance of gut homeostasis [10] . A suitable model with which to analyze the function of the innate immune system in particular for the development of UC is the treatment of mice with dextran sodium sulphate (DSS), a chemical compound that damages the colonic mucosa, resulting in an inflammatory response mainly mediated by macrophages and neutrophils. It is noteworthy that activated macrophages can adopt two distinct phenotypes, both of which play important roles in the pathogenesis of IBD. M1 cells secrete pro-inflammatory cytokines and mediators whereas M2 cells rather express anti-inflammatory cytokines and scavenger receptors involved in immunoregulation and tissue repair [11] . Using the DSS-induced colitis model it could be shown that intestinal inflammation is strongly influenced by endogenous GC, which exert prominent effects on myeloid cells after being released from the adrenal gland or locally generated in the gut [12] . Especially the synthesis of GC in the intestine in situ was found to be important for the regulation of intestinal inflammation and to be differently regulated than adrenal synthesis [13, 14] . Nevertheless, the actual mechanisms by which GC from distinct sources control inflammation in the gut remain poorly understood.
The majority of GC effects are mediated by the GR, a member of the nuclear receptor superfamily, which is ubiquitously expressed in most cell types. In immune cells such as macrophages and neutrophils, GC inhibit the expression and secretion of pro-inflammatory cytokines and other mediators that are typical for M1 polarization [15] . Consequently, mice carrying a deletion of the GR in myeloid cells are prone to sepsis and acute lung injury [16, 17] , highlighting the importance of the anti-inflammatory activity of GC in these cell types. In addition, GC induce the expression of anti-inflammatory cytokines and scavenger receptors typical for M2 polarization, which contributes to the resolution of inflammatory responses [18] . Considering the pathomechanism of IBD, we wondered which role these GC effects played in the modulation of DSS-induced colitis. Our findings revealed that a lack of the GR in myeloid cells impairs disease resolution as characterized by persisting clinical symptoms and tissue damage, presumably due to a deficit in controlling leukocyte infiltration into the colon, systemic cytokine release and local gene expression by immune cells in the lamina propria.
Material and methods

Animal experimentation
) and GR lysM (Nr3c1 tm2GSc Lyz2 tm1(Cre)Ifo ) mice on a C57BL/6 background have been described previously [19] . The mice were kept in individually ventilated cages under specific-pathogen-free conditions in our animal facility at the University Medical Center Göt-tingen and used at an age of 8-12 weeks. All animal experiments were conducted according to national and international guidelines (S1 Checklist) and approved by the responsible authority (Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit; Az: 33.9-42502-04-12/0937).
Induction of acute DSS-induced colitis
The induction of the disease was performed essentially as described by Wirtz and colleagues [20] . DSS (Sigma-Aldrich, Taufkirchen, Germany) was added to the drinking water at a concentration of 2% for 8 days. Thereafter, mice received normal tap water for another 2 or 4 days. The DSS solution was prepared freshly each time and changed every other day. Untreated controls received tap water only.
Disease assessment
To evaluate disease severity, mice were daily weighed and evaluated for clinical symptoms. The disease activity index (DAI) was determined on a scale from 0 to 10 and calculated as the sum of three individual scores [21] . Weight loss was scored from 0 to 4 (0 = 0-1%, 1 = 1-5%, 2 = 5-10%, 3 = 10-15%, 4 = >15%). Individual stool samples were collected and evaluated for consistency, resulting in a score of 0 to 2 (0 = normal, 1 = soft, 2 = diarrhea). Intestinal bleeding was judged with the help of a fecal occult blood test (Hemocare, Care Diagnostica, Voerde, Germany) and scored from 0 to 4 (0 = negative hemoccult, 1 = green hemoccult, 2 = blue hemoccult, 3 = blood visible, 4 = rectal bleeding). Animals that died or had to be sacrificed for ethical reasons were assigned a score of 12.
Histology
After sacrifice, the colon was removed and its length measured. The colon was flushed with ice-cold PBS, cut open longitudinally and rolled up from distal to proximal to obtain a so-called "swiss-role" [22] , which was then fixed in 4% PFA (Carl Roth, Karlsruhe, Germany) overnight at room temperature. After dehydration and embedding in paraffin, 2 μm sections were prepared and stained with hematoxylin and eosin (H&E). Photomicrographs were acquired using a Leica Axio Scope A1 microscope (Wetzlar, Germany). Histopathological evaluation of the entire section was performed in a blinded manner by determining crypt distortion, inflammation and loss of goblet cells. Based on these criteria an inflammatory score from 0 to 3 (0 = none, 1 = mild, 2 = moderate, 3 = severe) was assigned, multiplied with the percentage of the affected tissue area, and depicted on a scale from 0 to 10. 
Immunohistochemistry
Flow cytometric analysis of lamina propria cells
Lamina propria cells were isolated from the colon essentially as described previously [23] . In brief, colons were removed, washed in PBS, opened longitudinally and incubated in PBS with 60 mM EDTA and 3 mM DTT (both from Carl Roth) on ice for 1 hour. Thereafter, colons were transferred into tubes containing PBS, and intestinal epithelial cells were removed by vigorous shaking for 1 min. The supernatant was discarded and the step was repeated two more times. Subsequently, the tissue was washed once with RPMI/10% FCS (ThermoFisher, Waltham, MA) and cut into small pieces. After addition of 100 U/ml collagenase 1A, 100 U/ml Collagenase II and 50 U/ml DNase II (all from Sigma) the colonic tissue was digested at 37˚C for 30 min. During incubation, the tube was briefly vortexed every 3 to 5 min. Finally, the cell suspension was passed through a 40 μm cell strainer, washed once with PBS, counted with a Neubauer hemocytometer, and analyzed by flow cytometry. To this end, an FcR blockade was initially performed by incubation with TruStain fcX (anti-mouse CD16/32; clone: 93). After washing, the cell suspensions were stained with the following monoclonal antibodies (BioLegend, Uithoorn, The Netherlands): anti-CD3 (clone: 17A2), anti-CD4 (clone: RM4-5), antiCD11b (clone: M1/70), anti-CD45.2 (clone: 104), and anti-LyG6 (clone: 1A8). Data were acquired on a FACS Canto II device (BD Bioscience) and analyzed using FlowJo software (Tree Star, Ashland, OR).
ELISA
Serum was prepared from blood samples obtained by cardiac puncture. Levels of IL-6 were determined by ELISA using a commercially available kit according to the manufacturer's instructions (BioLegend).
GR flox recombination analysis by PCR
Colon biopsies were digested with Proteinase K followed by DNA extraction according to standard protocols. The unrecombined GRflox (275 bp) and the recombined GRnull (390 bp) alleles were amplified as previously described [24] , and the PCR fragments were separated on a 1.5% agarose gel.
Quantitative RT-PCR
Pieces of frozen tissue were homogenized and total RNA extracted with the help of the RNeasy plus Universal Kit (Qiagen, Hilden, Germany). To prevent inhibition of the reverse transcriptase by residual DSS present in the RNA preparation [25, 26] , mRNA was purified using the Dynabeads mRNA DIRECT Kit (ThermoFisher). Thereafter, the mRNA was reverse transcribed with a iScript Reaction Mix kit (Bio-Rad, Munich, Germany) followed by quantitative RT-PCR using the Power SYBR Mix (ThermoFisher). Results were normalized to the expression of the house-keeping gene HPRT and evaluated using the ΔΔCt method. In order to correct the mRNA levels of each gene for differences in macrophage numbers in the colon, the obtained values were finally normalized to F4/80 gene expression.
Statistical analysis
Data was analyzed using GraphPad Prism software (San Diego, California, USA 
Results
DSS-induced colitis in mice lacking the GR in myeloid cells
GR lysM mice that specifically lack the GR in myeloid cells and their corresponding GR flox littermates were treated with DSS for 8 days to induce inflammation in the colon. While untreated mice showed a constant body weight during the entire course of the experiment, mice receiving DSS strongly lost weight between days 7 and 10 regardless of their genotype ( Fig 1A) . GR flox mice started to recover thereafter whereas GR lysM mice continued to lose weight up to day 12 ( Fig 1A) . At the end of the experiment, weight loss differed significantly between the two genotypes. The monitoring of clinical symptoms confirmed our observation. The DAI score in DSS-treated mice of both genotypes rose until between day 9 and 10 and declined again thereafter in GR flox mice (Fig 1B) . In contrast, the DAI score in GR lysM mice further increased over the last two days of the experiment (Fig 1B) . Clinical symptoms were accompanied by a shortening of the colon on day 10, which did not reverse until day 12 in either genotype ( Fig 1C) . We conclude that the GR in myeloid cells is essential to achieve resolution of DSS-induced colitis.
Histological assessment of colon inflammation
A major hallmark of DSS-induced colitis is leukocyte infiltration into the colon wall resulting in massive tissue damage [27] . Hence we decided to evaluate histological alterations along the entire length of the colon (Fig 2A) . Histopathological assessment of H&E stained tissue sections revealed a massive destruction of the epithelial lining, a shortening or absence of crypts, loss of goblet cells, and excessive leukocyte infiltrates in DSS-treated mice (Fig 2A) . Generally, tissue damage was more pronounced in the distal part of the colon. Quantification of histopathological alterations on day 10 revealed similar scores in both genotypes, whereas tissue damage was significantly more severe in GR lysM mice on day 12 compared to GR flox mice (Fig 1D) . Notably, the histological score in GR flox mice improved during the last two days while it remained unaltered in GR lysM mice. This finding is in support of an ongoing colonic inflammation in mutant mice, which is in line with the observed changes in body weight and DAI score (see Fig 1A and 1B) . In summary, the failure of DSS-induced colitis to resolve in GR lysM mice appears to be linked to persistent tissue damage in the colon.
Characterization of the inflammatory infiltrate in the colon
To determine the composition of leukocytes present in the colon on day 12, we performed an immunohistochemical analysis. A considerable number of macrophages was already found in the lamina propria of untreated control mice whereas T cells and neutrophils were rare (Figs 2B, 3A and 3B). Infiltration of all three cell types was strongly increased in DSS-treated GR flox and GR lysM mice on day 12, but macrophages were also the most abundant leukocyte subset in the inflamed colon (Figs 2B, 3A and 3B). To independently confirm these results, we isolated cells from the lamina propria and characterized them by flow cytometry. In line with our previous analyses, colonic leukocytes in untreated GR flox and GR lysM control mice were mainly composed of macrophages, some T cells and a few neutrophils. Regardless of the genotype, a massive infiltration of these cells into the lamina propria was observed on day 12 after initiation of DSS treatment (Fig 4) . Importantly, the numbers of neutrophils and CD4 T cells were similar in GR flox and GR lysM mice at this time point whereas macrophages were significantly more abundant in the colon of mutant mice on day 12 (Fig 4) . Hence our data suggest that the extent of macrophage infiltration might impact the resolution of DSS-induced colitis.
GR ablation in myeloid cells in GR lysM mice
Previous studies revealed a high recombination efficacy of the GR gene in myeloid cells of GR lysM mice, concerning about 70% of macrophages and 90% of neutrophils, whereas T cells were largely unaffected [28] . To confirm that the majority of infiltrating cells in mutant mice were devoid of the GR, an immunohistochemical analysis was performed. All cells in heavily (Fig 5A) . PCR analysis confirmed this finding by demonstrating recombination of the GR gene in a subset of cells present in the colon of DSS-treated GR lysM but not GR flox mice (Fig 5B) . Collectively, our findings support the notion that the phenotype of mutant mice is due to a deletion of the GR in colon infiltrating cells.
Systemic cytokine secretion during DSS-induced colitis
Previous observations in a model of sepsis indicated that GR lysM mice suffer from an inability to control systemic cytokine secretion [16] . We therefore studied levels of pro-inflammatory cytokines in the serum on days 10 and 12. While both TNF-α and IL-1β levels were below detection limits, IL-6 could be readily measured in all samples. Secretion of IL-6 strongly increased during DSS-induced colitis and reached levels of approximately 40 pg/ml on day 10 in mice of both genotypes (Fig 6) . Concomitant with the resolution of disease symptoms, IL-6 levels in GR flox mice declined again, reaching almost baseline levels on day 12 (Fig 6) . In contrast, IL-6 secretion in GR lysM mice further increased until day 12 and was significantly higher than in GR flox mice at this time point (Fig 6) . Collectively, these findings indicate that differences in systemic IL-6 levels presumably contribute to the exaggerated tissue damage and worsened clinical symptoms.
Regulation of gene expression in the colon
One of the major functions of endogenous GC is to keep inflammatory responses at bay by suppressing pro-inflammatory cytokine production in macrophages and neutrophils [15] . In parallel, GC promote the expression of scavenger receptors and anti-inflammatory cytokines [18, 29] . To explore whether the aggravated disease in GR lysM mice during the resolution phase of DSS-induced colitis coincides with altered local gene expression, we performed a Comparable areas of severe inflammation are depicted for GR flox and GR lysM mice. The scale bar corresponds to 50 μm. (B) DNA was isolated from colonic tissue and the genomic region containing the loxP sites was amplified to detect recombination of the GR locus. PCR products were separated on an agarose gel. The analysis of two samples from each genotype is depicted. The "flox" band refers to the unrecombined GR locus, the "null" band refers to the recombined gene unable to encode an intact GR protein. quantitative RT-PCR analysis. Since we had previously found that macrophages were more abundant in the colon of mutant mice, all values were corrected for F4/80 expression. TNF-α mRNA levels were largely unaltered during DSS-induced colitis but IL-6 and IL-1β mRNA levels were increased on day 10 ( Fig 7A) . In GR flox mice, expression of these two cytokines declined again on day 12 whereas it remained significantly elevated in GR lysM mice (Fig 7A) .
CD163, CD206 and IL-10 mRNA levels were strongly upregulated in the colon of GR flox mice on day 10 but remained unaltered in GR lysM mice (Fig 7B) . Gene expression in GR flox mice returned to control levels on day 12, with the exception of CD206 which was still elevated at this time point (Fig 7B) . Surprisingly, regulation of iNOS and Arg1 was unaltered by the mutation despite their involvement in NO production (Fig 7A and 7B) . Collectively, GR ablation in myeloid cells impacts macrophage polarization during DSS-induced colitis, which might contribute to the defective tissue repair in GR lysM mice.
Discussion
DSS-induced colitis is an animal model that has been shown to be especially suitable to study innate immune mechanisms in acute and chronic intestinal inflammation [20, 30] . In this study we aimed to clarify the role of the GR in myeloid cells for the modulation of IBD using this model. Firstly intestinal macrophages play an important role in the maintenance of gut homeostasis, mainly due to their unique ability to detect and phagocytose potentially harmful microorganisms without generating pro-inflammatory signals [10, 31] . Secondly GC are the standard first line therapy for the treatment of IBD [6] . In part, GC activity is related to their ability to induce an anti-inflammatory phenotype in macrophages and neutrophils [32] . However, as the GR is almost ubiquitously expressed, other cell types are influenced by GC as well, for instance intestinal epithelial cells. We therefore wanted to determine to which extent endogenous GC influence intestinal inflammation by impacting macrophage and neutrophil activity.
Our findings reported here revealed that the GR in myeloid cells has no influence on the control of DSS-induced colitis in the acute phase of the disease when tissue damage occurs and cytokine production takes place. However, during the recovery phase of the disease the control of macrophages and neutrophils by endogenous GC is critical, i.e. at the stage when DSS is withdrawn and tissue repair mechanisms are being triggered, as illustrated by the impaired Glucocorticoid receptor function in colitis recovery of disease symptoms observed in mutant mice. While the clinical and histopathological score in GR flox mice declined after the peak of the disease on day 10, we did not find any Glucocorticoid receptor function in colitis relevant improvement of clinical symptoms in GR lysM mice up to day 12. In contrast, weight loss and DAI score continued to increase. We therefore conclude that GR expression in myeloid cells is essential for the induction of tissue repair mechanisms after intestinal tissue damage. Of note, the clinical symptoms we observed and measured were in line with our histological evaluation of colon samples. Tissue damage characterized by crypt distortion, infiltration of inflammatory cells, and loss of goblet cells was similar in DSS-treated mice of both genotypes on day 10 and subsequently improved in GR flox but not GR lysM mice. In contrast, the length of the colon remained unaltered between day 10 and 12, presumably because the time span was insufficient for normalization of this characteristic feature of intestinal inflammation. The inflammatory infiltrate in DSS-induced colitis is composed of several types of leukocytes. In line with previous publications we found that macrophages were the predominant cell type in both the healthy and the inflamed colon [26, 33] . In addition, we identified some T cells but almost no neutrophils in the colon of untreated mice. After DSS treatment, however, these cell types were recruited to the lamina propria in significant numbers as well. Interestingly, our analyses showed that macrophages were more abundant in GR lysM mice than in GR flox mice on day 12 of the disease. In contrast, neutrophil and T cell numbers were similar.
It thus appears that GR expression in macrophages and their abundance in the colon coincide, and that this feature affects the resolution of DSS-induced colitis. However, whether GC alter the migration or rather the survival of macrophages is yet unclear.
Mice with a myeloid cell-specific GR deletion were previously shown to be highly prone to systemic inflammation due to their inability to control pro-inflammatory cytokines [16] . When analyzing systemic IL-6 secretion in DSS-induced colitis, we found a massive increase at the peak of the disease as well. While cytokine levels in GR flox mice declined thereafter again, we found them to be even more increased on day 12 in GR lysM mice. This finding indicates that the failure of GR lysM mice to resolve the disease coincides with their inability to dampen systemic IL-6 secretion. In addition, we also analyzed the expression of several M1 and M2 genes in the colon. While we found no significant differences in TNF-α expression in colonic tissue of mice of both genotypes, IL-1β and IL-6 mRNA levels in GR lysM mice were increased on day 10 and declined again thereafter in GR flox mice. In contrast, both cytokines remained elevated in GR lysM mice. Notably, this observation is in line with previous data indicating that the susceptibility of GR lysM mice to systemic inflammation was linked to a failure to suppress IL-1β and IL-6 but not TNF-α [16] . Furthermore, expression of genes characteristic for an M2 macrophage polarization were also affected by the absence of the GR in myeloid cells. The scavenger receptors CD163 and CD206 as well as the anti-inflammatory cytokine IL-10 were selectively induced in GR flox but not GR lysM mice during DSS-induced colitis. It is well known that GC foster tissue repair and dampen immune responses by upregulating M2 genes [34] . In agreement with previous findings in a mouse model of multiple sclerosis [18] , our results therefore suggest that dysregulation of CD163, CD206 and IL-10 impacts the resolution of organ-specific inflammation. In contrast, expression of iNOS and Arg1 was unaltered in the colon of GR lysM mice, which contrasts with observations made in two models of neuroinflammation [18, 35] . Altogether, our data reveal a switch in macrophage polarization in the colon during the resolution phase of DSS-induced colitis from an M2 phenotype in GR flox mice to a more M1 biased phenotype in GR lysM mice, which presumably impacts colonic inflammation and tissue repair. Despite the severe side effects that can accompany GC therapy and the fact that only 40% of all patients show an efficient long-term response, prednisolone and other GC derivatives are widely used for first line treatment of IBD, especially in patients that are refractory to the application of 5-aminosalicylates or sulfasalazines [36] . As a matter of fact, the occurrence of adverse GC effects [6] mainly relates to the circumstance that the GR is almost ubiquitously expressed [37] . Consequently, attempts to restrict GC action to specific cell types have been made by targeted application of GC using carrier systems such as liposomes, polymer-drug conjugates, inorganic-organic hybrid nanoparticles (IOH-NP), and antibody-drug conjugates (ADC) [7] . IOH-NP containing betamethasone reduced clinical symptoms in a mouse model of multiple sclerosis, an effect which exclusively depended on the modulation of macrophage function [38] . Similarly, ADC composed of an anti-CD163 antibody and dexamethasone (Dex) exhibited highly potent anti-inflammatory activity in rat models of endotoxemia and non-alcoholic steatohepatitis, which was due to the selective targeting of M2 macrophages [39, 40] . Finally, a copolymer-Dex conjugate was found to improve clinical symptoms of DSSinduced colitis whereas it did not induce osteoporosis, a major side-effect of GC therapy [8, 9] . Our finding that macrophages are important target cells of GC in IBD and the observation that these cells are suitable for drug delivery through nanoformulations therefore suggest that cell-directed application of GC might be a promising strategy to improve UC and CD therapy [41] . However, it is noteworthy that there is also evidence arguing against the targeting of GC to myeloid cells. It was reported that treatment of DSS-induced colitis using Dex-loaded liposomes aggravated the disease although others observed a beneficial effect on clinical symptoms when using free Dex [42, 43] . It will therefore be important to further analyze the efficacy of GC therapy in GR lysM mice using different drug formulations, although this has to be accomplished in a chronic colitis model since GC were paradoxically found to aggravate disease symptoms in acute models such as the one employed here [43] . Taken together, our findings provide evidence that GC contribute to the recovery from intestinal inflammation by their ability to control myeloid cell abundance and activity in the colon.
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